The sex incidence showed no significant difference, the age of onset of symptoms varied from 6 to 65, with the third and fourth as the commonest decades, the diagnosis being made on an average about a decade later (Table I ). The symptomatology of the angiomas has been fully described by Northfield-(1940-41) , and . The cardinal symptoms consist of epilepsy, haemorrhage, subarachnoid or intracerebral, and periodic headache, the relative incidence of the first two symptoms varying in different series. In the present cases epilepsy was the commonest symptom but periodic headache occurred in 26%. In half the cases hemorrhage was the diagnostic symptom. Progressive focal signs, notably a hemiplegia, are an uncommon mode of onset (Table II) . The symptomatology depends in part on anatomical location and the patients under review will be considered from this aspect (Table III) .
Posterior hemisphere angiomas.-The hemisphere lesions provided 15 posteriorly situated angiomas, 11 receiving their vascular supply chiefly from the posterior cerebral artery.
The principal symptom of angiomas in this region was periodic migrainous headache, starting in adolescence and early adult life, and present sometimes as long as thirty years before a himorrhage or focal signs resulted in the patient being referred to hospital.
Sir Stewart Duke-Elder (1949) , quoting Liveing (1873), has classified the manifestations of migraine into four types: (1) Simple hemicranial headache, (2) sick headache, (3) blind headache in which visual phenomena figure largely, and (4) those in which the manifestations indicate a wider involvement of the sensorium. All four types were represented but the commonest manifestation was blind headache associated usually with an angioma supplied by the posterior cerebral artery.
The following patient is an example of migraine as the sole symptom of an angioma: Case L.-A woman aged 27 complained of recurrent left-sided headaches for the past eight years which were preceded by flickering lights in the right homonymous half-fields. The visual disturbance lasted about twenty minutes and was followed by a severe left-sided headache, frequently of a throbbing character, exacerbated by moving and coughing, and associated with vomiting. On one occasion she experienced a slight patch of dimness in the right side of her fields of vision which persisted for some hours, but then cleared up.
The only abnormality detected on examination was a faint, bruit over the left internal carotid artery. Angiography revealed a large angioma in the left occipital region which was supplied by two branches from the posterior cerebral artery (Fig. 1 had no visual field defect and in addition had experienced no himorrhage. The fact that the disturbance always appeared on the same side was perhaps the only point in the history which might have made one suspicious that her migraine was, in fact, symptomatic. Incidentally she has obtained relief with ergotamine tartrate, which is not uncommonly experienced by patients with headaches due to vascular malformation.
Posteriorly situated lesions differ from those elsewhere in the hemisphere in that epilepsy is a less common symptom. Only 4 patients had experienced epileptic attacks which were infrequent and in one restricted to childhood.
Case II.-One patient, a man aged 43, gave the history of a combination of epileptic and migrainous attacks. His fits started at the age of 10, and were preceded by an aura of something passing across his fields of vision from right to left, and objects in his left visual fields appeared "strange". He then experienced left-sided tingling and a noise like a dynamo in his head for half an hour, after which he became unconscious and had a generalized convulsion. At the age of 33 migraine predominated with a left hemianopic onset, and flashing lights synchronous with his heart beat in the blind half-fields, a distinguishing feature from idiopathic migraine in which according to Butler (1941) the rate of flicker in the visual fields is equal to alpha rhythm. Ultimately this patient developed a left lower homonymous quadrantic field defect, and angiography revealed a large right parieto-occipital angioma.
Heemorrhage was the reason for investigation in 10 patients. Bleeding due to an angioma, particularly if superficially placed, appears less catastrophic than that due to an intracranial aneurysm, and a patient may survive several subarachnoid hemorrhages.
The usual focal result of a bleed from an angioma in this region is the appearance of a persistent homonymous field defect but in one patient an attention defect resulted. A troublesome feature which may follow on recovery from a subarachnoid hemorrhage is the development of persistent headache in addition to the periodic exacerbation.
The sudden development of focal signs may occur without evidence of a himorrhage and is due perhaps to a sudden dilatation of an angiomatous coil of vessels.
Case III. An accountant, aged 53, had experienced periodic frontal headaches for twenty years, with photophobia. When adding up his bridge score in a hot room he developed a headache and suddenly found that he was unable to calculate. During the course of the next few days he noticed that he could not see objects on his right side, that he had difficulty in reading and tended to use words incorrectly. He also was troubled by a rushing noise in his head. He showed a right homonymous hemianopia sparing fixation, alexia, and a partial Gerstmann's syndrome consisting of confusion of his right and left, inability to select and recognize individual fingers when looking at both hands, and difficulty in calculation. There was a loud systolic bruit audible on auscultation of the skull in the left mastoid region. Angiography confirmed the presence of an angiomatous malformation with huge venous channels in the left occipito-parietal region supplied by both meningeal and occipital arteries, and by the right vertebral artery (Fig. 2 ). This mass of vessels had presumably interfered with cerebral function in the region of the left angular gyrus.
Surgical treatment consisted of ligation of the left common carotid and both occipital arteries, and since that time he has been well. The focal signs with the exception of the bruit and field defect cleared. He still has occasional headaches under stress, relieved by phenobarbitone.
Abnormalities of the fundi were not observed except for papilloedema in one patient with focal signs, which persisted after removal of the occipital angioma.
What features in a history of periodic migrainous headache would make one suspect the presence of an angioma? Chiefly the persistent lateralization of the headache to one side, though generalized headache may occur. A family history of migraine or its absence does not assist the diagnosis. Such a history was absent in these cases but in a larger group, considered that their patients presenting with periodic migrainous headache had a higher family incidence of migraine than a control group. There may also be a history of an episode of acute exacerbation of headache which confined the patient to bed, or even of an attack of "meningitis" followed perhaps by a persistent field defect. A cranial bruit is a valuable sign in adults, frequently audible in the carotid triangle or mastoid region, and occurred in about half the patients with occipital angiomas. Homolateral facial telangiectasis of a minor character was observed in only one patient.
The middle group of hemisphere angiomas which include Sylvian and temporal lesions, usually presented with epileptic attacks or less commonly a hlmorrhage, often intracerebral and producing lesions of the optic radiation. Case IV.-Intracerebral bleeding into the right temporal lobe in one woman aged 59 produced a homolateral III nerve palsy, possibly due to compression of the nerve against the peduncle, a quadriplegia maximal on the left, and a left homonymous hemianopia. In spite of her grave condition, she made a complete recovery following evacuation of blood and excision of the angioma.
The anterior or fronto-parietal angiomas provided 18 % of cases. Headache was not a common complaint but epileptic attacks occurred in every patient except 3 when a hbmorrhage was the first indication of the presence of a vascular abnormality.
Case V.-One patient with a large left frontal-parietal angioma and a right hemiplegia showed a facial spider nxvus on the bridge of the nose. He also had a variable proptosis on the side of the lesion which may have been responsible for his complaint of fluctuating diplopia, and a frontal bruit.
The central angiomas have been defined by Paterson (1955) as arteriovenous malformations situated in the thalamus, basal ganglia, internal capsule and mid-brain. The majority of his series of 9 presented with a contralateral hemiplegia of slow or rapid onset and with sensory loss and in some patients a partial or complete homonymous defect. Episodes of h2emorrhage might occur and rarely fits; migrainous headaches were not a symptom. Midbrain disturbances were observed consisting of weakness of vertical gaze, pupillary abnormalities, nystagmus, external ocular palsies and ptosis.
Similar ocular disturbances with long tract signs were described by Wyburn-Mason (1943) in a series of mid-brain vascular malformations entitled arteriovenous aneurysms, which were unusual in the high incidence of congenital anomalies of the retinal vessels and trigeminal facial nxeVi. The central angiomas in the present series showed an incidence of about 10%. There was a marked variation of age of onset of symptoms from 6-43 years of age The usual mode of presentation was a progressive hemiparesis or ataxia of the contralateral limbs. This might be associated with a homonymous hemianopia, presumably due to involvement of the optic radiation, as in one woman aged 21 with a history of left-sided migrainous headache since the age of 16, in whom angiography revealed an angioma situated behind the sella in the left basal ganglia region.
Posterior fossa angiomas.-Both the cerebellar angiomatous malformations described by produced symptoms of an apoplectic onset with headache or confusion, dysarthria, cerebellar signs, and diplopia due to an external rectus paresis with nystagmus in one case.
The brain-stem group, which, unfortunately, are less amenable to treatment than supratentorial lesions, are ophthalmologically interesting because although they may present with a subarachnoid hlemorrhage, in some the onset may be insidious and the picture one of progressive focal symptoms with ocular palsies. The brain-stem angiomas extend along the floor of the third ventricle to the pons and fourth ventricle. The collection of abnormal vessels are inextricably interwoven with the brain-stem and may cause displacement of the aqueduct and 4th ventricle backwards, resulting in internal hydrocephalus.
Signs of III and VI nerve involvement appear combined with other cranial nerve palsies, cerebellar ataxia and long tract signs, which may be unilateral or bilateral and show an intermittent progression for as long as fifteen years.
In those with a long history, disseminated sclerosis requires distinction, and the absence of any story of retrobulbar neuritis is helpful. Headache also is more prominent. Glioma of the pons has a more rapidly progressive course. Myasthenia gravis may be suspected due to the fluctuating course, but the palsies do not respond to neostigmine. A bruit may be audible in the posterior occipital region, and characteristic changes in the X-rays of the skull which have been described by Sutton (1952) .
The general circulatory effects of an angioma tend to occur when the lesion is large, with a big arteriovenous shunt which has been present for a number of years. There may be cardiac hypertrophy and an increased pulse pressure. The presence of a free arteriovenous shunt with cerebral atrophy due to ischlmia may produce some degree of dementia.
I have only observed this in one patient, a woman aged 59, with a huge right-sided frontoparietal angioma, who ultimately developed severe mental changes so that treatment in a mental hospital became necessary.
The history, the presence of a bruit and perhaps cutaneous vascular nevi would suggest the diagnosis of an arteriovenous malformation, and as with a neoplasm the electroencephalogram may indicate a focal abnormality. The essential investigation is angiography, only those lesions in the anterior temporal region occasionally escaping detection.
Mr. H. E. Hobbs: In the group of arteriovenous malformations which provide the material of this discussion, primary retinal vascular abnormalities appear to be rare unless the site of the intracranial lesion is so close to the eye that the vasculature of the globe is itself involved in the angiomatous process. Increased tortuosity of the retinal vessels has been described with intracranial angiomata remote from the orbit and in Northfield's (1940 41) case, an angiomatous formation close to the disc was seen. No such abnormalities were found in the series to which Dr. H. Dimsdale has referred, nor in those reported by Olivecrona and Riives (1948) or by . and Dandy (1928) each include in their series a single case in which the retinal vesseIs were grossly distended and tortuous, the veins being virtually indistinguishable from the arteries, and in Paterson and series 2 similar cases are included; but since these arose in conjunction with angiomatous lesions of the orbit or pituitary region, and the changes appear to have been of a secondary nature, I propose to refer to them separately in connexion with the orbital case which Dr. Dimsdale has already mentioned.
That primary vascular abnormalities are occasionally observed with intracranial lesions remote from the orbit, however, is demonstrated by Northfield's case (Northfield, 1940-41) .
The main ophthalmological interest of the majority of these cases lies in the characteristic history of migraine, its association with other neurological abnormalities and the evidence of hemianopia when the progress of the lesion has led to a more or less permanent involvement of the visual fibres or cortex. Ipsilateral exophthalmos, which was regarded by as a change resulting from progressive arterialization of the angioma, has not been seen in this series-possibly because it is a later manifestation of the condition.
With regard to the field changes: these usually follow and may closely resemble the early visual aura and are then commonly of the homonymous hemianopic type; but the defect, while succeeding a hemianopic aura, may occupy only a quadrant of the field, as was seen in a recent case (vide infra) which presented to me. It seems likely that these ensuing field defects are not all of them evidence of permanent ischiemic lesions of the visual neurones, but are in some cases the result of compression by an expanding lesion and potentially recoverable if this process is controlled, either spontaneously or by surgical methods. Such recovery is seen in some cases and is illustrated by that of a man (W. H. M.) whose right parietal angioma had, when he was first examined on 21.6.49, produced the incomplete lower left quadrantic hemianopia, shown in Fig. 1.   FIG. 1.  FIG. 2. Within the next few weeks the defect increased to an almost complete hemianopia (Fig. 2) . But following the ligation of the vessels supplying the tumour (Mr. Valentine Logue) a certain amount of recovery of the field was seen (Fig. 3) . The importance of the characteristic history has already been emphasized; but as not infrequently happens with disorders of this type, it is the atypical case which appears in the ophthalmolo- for her history at first included no reference to migrainous headaches-these had ceased for some years when she presented complaining of bright spots of light in the right eye succeeded by a permanent ?-shaped black spot. She was moderately myopic, the vitreous of the eye in question showed an opacity corresponding to the black spot which she saw, and, after searching unsuccessfully for signs of retinal detachment, I accepted this as the cause of her symptoms with a provisional diagnosis of senile hyalitis. Within a week she had a severe left hemicrania with a hammering sensation in the skull, nausea and prostration followed by blindness on the right side and when I examined her a day or so later a right inferior quadrantic hemianopia remained. Arteriograms subsequently revealed an angioma involving the left optic radiations. The case is of interest in this connexion, I believe, because of the diagnostic pitfalls which it presents, not only in the long silent interval between the attacks of migraine, but also in the quite unformed character of the spots of light which she saw at the onset of the attack.
Vascular abnormalities which directly affect the eye and orbit form a much smaller group, but one which is also of great interest to the ophthalmic surgeon. One such is included in the present series of cases, and is that of a man (J. H.) who for some years before his admission to Maida Vale Hospital had suffered from recurrent attacks of trigeminal neuralgia which were temporarily relieved by alcohol injections. For many years he had been aware of a cluster of tortuous venules on the temporal side of the sclera of his left eye and four months before I first examined him he had begun to have periodic attacks in which the eye became more congested, first in this region and later over the whole of the eye. The congestion gradually became more constant and proptosis developed whilst at the same time he began to notice a sound synchronous with the pulse, which he described as "squeaking" in his left ear. When I first saw him the proptosis of the left eye was some 7 mm. and chemosis was marked, vision in the eye was reduced to 6/18 and in the fundus gross distension of the retinal veins with cedema and heemorrhages about the disc were apparent. A bruit, synchronous with the pulse, was audible maximally over the left temple. Arteriography shortly afterwards displayed an arteriovenous communication involving a group of the superior orbital vessels, and at operation a few days later (Mr. Valentine Logue) exposure of the orbital contents displayed a collection of greatly distended veins communicating with the ophthalmic artery. Ligation of these vessels effected a prompt cessation of the bruit and the proptosis very shortly subsided, with improvement in vision and restoration of the normal fundus appearance so that when I examined him a few weeks ago visual acuity was 6/9, the field full and the eye white, with the exception of the collection of varicose episcleral veins. The appearance of the fundus at this time was quite normal, without venous distension and with no suggestion of abnormal retinal vessels. In this instance, therefore, although the proptosis and retinal changes arose from the presence of an arteriovenous malformation of the orbit they were evidently reversible and secondary to the arterialization of the retinal veins to which it gave rise. The mechanism is one which is common with such angiomata and examples of similar vascular lesions have been reported by Paterson and McKissock and by Mackenzie, whilst in Dandy's (1928) Case 12 a lesion in the pituitary region was responsible. It is probable, however, from the description which Cushing and Bailey give of their Cases 9, 11 and 14 in which arterialization of the retinal veins was seen with temporal and occipital angiomata, that similar changes may be seen with more remote lesions when circulatory changes become more widespread.
In such cases it is evident from the operative and arteriographic findings that the vascular abnormality has a more simple character than is the case with angiomata involving, say, the cerebral cortex where the collection of vessels may form a more or less circumscribed mass. Their essentially arteriovenous nature is the more obvious for this reason, and they tend clinically to bear some resemblance to carotico-cavernous fistulk; but the insidious onset, absent or minimal pulsation of the eye and absence of trauma in the history are distinguishing features. In our case, however, the conspicuous collection of abnormal episcleral vessels provides a further indication of the presence of a primary vascular abnormality.
In contrast with such secondary retinal changes are those of the group in which the retina shows primary vascular abnormalities associated with retro-ocular angiomatous formations, the extent of which varies widely. It may be limited to the orbit and pituitary region or extend along the visual tracts as far as the mid-brain and even, as in one published instance, into the occipital lobe. The retinal picture varies in these cases and simple arteriovenous communications, enlarged and tortuous vessels which in some cases are abnormally numerous, have been described. Circumscribed angiomata and secondary retinal changes are sometimes seen; but retinal detachment has not been reported although Northfield refers to the occurrence of glaucoma in two instances. Optic atrophy has been noted several times and papillcedema is seen as a secondary change with raised intracranial pressure.
An angiomatous appearance of the retina was recorded in a case (No. 3) described by Brock and Dyke (1932) . The eye was blind and proptosed and the neurological abnormalities present arose from the angioma which was seen at post-mortem to extend from the eye along the optic nerve and tract to the mid-brain and thence into the cerebellum. The case is of especial ophthalmological interest since the histological appearances of the eye were subsequently reported on by Krug and Samuels (1932) who verified the changes as those of a venous angioma. Retinal changes of this type were. seen also by Olivecrona and Riives (1948) in a patient with a lesion extending to the mid-brain. In Yates and Paine's (1930) case in which the ocular signs consisted of homonymous hemianopia and slight proptosis, the retina showed only slight dilatation of the vessels; but with a collection of aneurysms at the periphery. Professor Bonnet of Lyons (Bonnet et al., 1937 ) also reported a case in which hemiplegia, ocular palsies and exophthalmos with an audible bruit over the affected eye occurred with the angiomatous appearance of the retina.
These extensive angiomatous formations were the subject of an interesting review by Wyburn-Mason (1943) and his paper contains a collection of fundus pictures drawn from many sources which demonstrates the considerable variation in the vascular anomalies met with in this connexion. His own Case 7 is of especial interest since the sole retinal abnormality which accompanied the intracranial lesion was a single arteriovenous aneurysm.
Optic atrophy has been apparent in association with other defects in several of the published cases; but that it may present as the sole neurological sign is shown by the case reported in 1952 by Band from the United States.
Here the angioma demonstrated by angiography and operation surrounded the chiasma and one optic nerve. The case .may be correlated with that of the man (W. J.) with cutaneous angiomata, postural proptosis and a spastic limb (shown at the Meeting). The angioma in this instance has been shown by angiography to extend from the orbit upward toward the basal ganglia and, although the retinal vascular changes are not marked, the suggestion of F*G. *~atrophy at the disc is confirmed by the visual field defect (Fig. 4) . The possibility of such an explanation of optic atrophy is clearly, therefore, one to be borne in mind. How far arteriography can be expected to assist in displaying the nature and cxtent of the lesion in such cases is a matter which Dr. David Sutton will discuss. and drainage. Angiomatous malformations have been called "parasites" or "sponges" in the way they suck blood from all sources of supply. This can be well demonstrated by the arteriograms. The vessels leading to the angioma are hypertrophied, vessels not supplying it are often hypoplastic or fail to fill. Frequently arteriography of the contralateral carotid artery shows blood being sucked across the mid-line to feed the angioma.
Most angiomas show abnormal large veins draining the lesion. These can reach gigantic size. Arteriography shows that they opacify early because of the arteriovenous shunt. Many of the lesions we have considered in this discussion are supplied by the posterior cerebral artery, and it is common for these to be filled equally by the carotid and vertebral arteries. Smaller angiomas occur which can only be demonstrated from one major feeding artery. With tiny and less typical angiomas visualization of a dilated vein in the arterial phase of the arteriogram may be the feature most suggestive of angioma. Such lesions frequently manifest by subarachnoid hlmorrhage or by rupture into the brain with the formation of a cerebral hlnmatoma. In this case clotting may occur in the lesion and the tiny angioma may become extremely difficult to identify at arteriography.
Pneumography.-Usually normal appearances are seen, but abnormalities may be seen in three types of case:
(1) Giant angiomatous malformations. These may show the same types of deformity of the ventricular system as those presented by any intracerebral expanding lesion.
(2) Smaller angiomas adjacent to and protruding into the ventricles.
(3) Angiomas complicated by intracerebral hemorrhage, in which the haematoma acts as an intracerebral expanding lesion to deform the ventricular system.
The clinical aspects which concern the ophthalmologist have been described by my colleagues. The most important mode of presentation to the ophthalmologist appears to be periodic migrainous headache with a visual aura of the type described, i.e. constant and homonymous in nature. Such symptoms were present in 10 of my cases. Homonymous field defects were present in 6 cases. In this group the angioma lay in the occipital, parietooccipital or temporo-occipital regions. Field defects were sometimes seen with large temporal or para-sellar angiomas. Papilllwdema was rare but was present in a few cases, usually with excessively large angiomas or following intracerebral hiemorrhage.
Pulsating exophthalmos occurred in one case. Defects of ocular movement of central type were seen in 4 or 5 cases, though they were not the presenting or most prominent sign. They were most common with angiomas in the region of the mid-brain.
